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INTRODUCTION 
This paper deals with the development of a Safety 
Standard covering sealed motor-compressors in-
tended for use in air conditioning and refrigera-
tion equipment which conform with the Underwriters' 
Laboratories Standards applicable to such end-use 
equipment. The requirements also apply to motor 
protection systems Hhich may be provided with the 
motor-compressor. The Scope of the Standard is 
such that it covers alternating-current compressors 
with ratings up to 600 volts, either single or 
three phase, but does not include additional re-
quirements applicable to equipment designed for use 
in hazardous locations as defined in the National 
Electrical Code; except that welded hermetic com-
pressor enclosures have been found suitable in 
equipment intended for use in certain Classes and 
Groups of hazardous locations. 
Standards issued by Underwriters' Laboratories, In<:-
serve a variety of purposes including guidance and 
consistency in the application of requirements by 
our staff, guidance for design and safety perfor-
mance of products by manufacturers, and a basis for 
follow-up inspection of the particular category of 
product. UL Standards are identified as Standards 
for Safety since they incorporate what are consid-
ered to be the minimum requirements for safe design 
and, in most cases, performance of devices and 
materials. 
NEED FOR A STANDARD 
Sealed (hermetic type) motor-compressors have been 
used in refrigeration and air conditioning equip-
ment for many years. Initially, these components 
were investigated by the Laboratories as part of 
the overall equipment. However, as their use be-
caine more extensive, particularly following World 
War II, a Component Program was established by the 
Laboratories to provide a mechanism for investiga-
ting ~nd recognizing these special-use devices for 
the compressor manufacturer. This provided a ser-
vice to both the component manufacturer and the 
equipment manufacturer, and also avoided duplica-
tion of effort in the investigation of these 
components. 
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Basically, the National Electrical Code treated 
hermetic motor-compressors in much the same manner 
as conventional motors until 1951 when the differ-
ences in application where partially acknowledged. 
Partly as a result of this, the Laboratories main-
tained a rather informal type of recognition of 
motor-compressors since the National Electrical 
Code did not contain sufficient requirements speci~ 
ically aimed at this type of component. One rea-
son for this might be the wide variety and somewhat 
more sophisticated type of motor-protection system 
used with compressors as compared with the conven-
tional type of motor seen in the field. 
In 1965, however, the Chairman of the National 
Electrical Code Correlating Committee requested 
that a special technical Subcommittee be estab-
lished to study the unique features of air con-
ditioning and refrigeration equipment employing 
hermetic motor-compressors. The Subcommittee con-
sisted of individuals representing manufacturers 
of air conditioning and refrigeration equipment, 
motors and compressors, control equipment, wiring, 
and wiring devices as well as representatives of 
local inspection authorities and public utilities. 
The Subcommittee was chaired by a representative 
of the Laboratories and the intent was to develop 
a specific Article for the Code to eliminate con-
fusion in applying Code requirements to this sort 
of equipment. Partial progress was made with pub-
lication of the 1968 National Electrical Code 
which incorporated some significant revisions of 
Article 430 as it related to hermetic compressors. 
Subsequent study culminated with inclusion of ne'' 
Article 440 in the 1971 Code. 
The effect of Article 440 on refrigeration and air 
conditioning equipment was discussed at a meeting 
in February, 1972 with an Industry Advisory Group, 
which represented a broad variety of manufacturers 
of equipment employing hermetic motor-compressors. 
The primary purpose of this Group was to assist 
the Laboratories in preparing a planned program 
for revision of our Standards to obtain conform-
ance with the new Article. Essential!~ it was 
established that Article 440 contained three cate-
gories of requirements, some being permissive in 
nature, some representing rather simple changes, 
with the third group involving major revisions 
and/or extensive testing of equipment. 
Results o£ this meeting were reported to our Elec-
trical Engineering Council and Manufacturers in 
March, 1972. As a first step in implementing the 
requirements of Article 440, specific proposals 
covering permissive changes were submitted to vari-
ous equipment manufacturers in May of this year. 
Of particular significance, is the fact that Arti-
cle 440 for the first time introduces requirements 
into the Code relating to the maximum trip current 
value for thermal protectors or protective systems 
which incorporate thermal protectors. Sections 
440-52(b)(2) and 440-52(b)(4) indicate that thermal 
protectors or protective systems are not to permit 
a continuous current in excess of 156 percent of 
the marked rated-load current or branch-circuit 
selection current. During our m 2eting with the In-
dustry Advisory Group, it was the consensus that 
the value of trip current could be established 
either by tests of the particular piece of air con-
ditioning or refrigeration equipment, or by testing 
individual motor-compressor-protector combinations 
based on standardized conditions for system appli-
cations. Since the Laboratories has not previously 
conducted this sort of test, we are presently accu-
mulating information from manufacturers in order to 
develop requirements which will be compatible >vith 
the intent of the Code with respect to protection of 
the motor-compressor, motor-control apparatus, and 
branch-circuit conductors against excessive over-
heating due to motor overload and failure to start. 
Paralleling activities relative to the Code, the 
Laboratories prepared a proposed outline of investi-
gation solely for use by our engineers in evaluating 
hermetic motor-compressors. However, it rapidly be-
came apparent that a published Standard would be 
extremely desirable, not only because of the in-
creasing concern over consumer safety but also be-
cause of the entry of many more companies into the 
manufacture of these components. Again, the need 
for guidance and consistency in application of re-
quirements, for both the manufacturer and UL engin-
eers, was of extreme importance. 
MECHANICS OF DEVELOPING THE STANDARD 
In 1969, a concentrated program was initiated to 
develop a Safety Standard for motor-compressors. 
As part of this program, an Industry Advisory Con-
ference was established, consisting of six compres-
sor manufacturers and three manufacturers of her-
metic motors. These individuals were selected for 
their recognized judgment and familiarity with the 
product, representing the Industry as a whole rath~ 
than any one manufacturer or trade association. 
In May, 1969, the initial draft of the Standard was 
presented to the Industry Advisory Conference for 
their study and comments. The Laboratories care-
fully reviewed these comments and our first meeting 
with the lAC Group was held in October, 1969. As a 
result of this Meeting, a revised draft of the pro-
posed Standard was issued in December, 1969 and was 
given wide distribution including submittal to our 
Casualty and Electrical Engineering Councils, to 
compressor manufacturers, to manufacturers of her-
metic motors, and to others known to have an inter-
est in this area. Careful review of this draft 
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provided many helpful suggestions. 
In July, 1970, the Laboratories presented a consid-
erable number of revisions of the proposed Standard 
to tl1e Industry Advisory Conference membership. A 
second Meeting with the Conference was held in Jan-
uary, 1971. This was followed by a Report and 
accompanying redraft of the Standard to our Engin-
eering Councils, Industry, and others known to have 
an interest in this area resulting in final re-
visions of the proposed Standard in May, 1971. The 
first edition of the Standard was then published in 
July, 1971 containing a number of new requirements, 
and representing approximately 2-1/2 years o£ ef-
fort. To some, this may appear to be an unusually 
long period but it must be realized that there were 
few guidelines available other than those which had 
been informally set down by the Laboratories. 
BASIC STRUCTURE OF THE STANDARD 
Essentially, the Standard consists of three sections 
covering construction, performance, and manufactur-
ing and production tests. 
Construction 
The construction section includes a statement con-
cerning the Scope of the Standard, definition of 
terms used in the Standard and general requirements 
relating to such items as the motor-compressor en-
closure, electrical enclosures, wiring and wiring 
methods, current-carrying parts, insulating mate-
rials, electrical spacings including those applied 
to the hermetic motor, motor construction and con-
trol equipment. 
Performance 
The performance section includes hydrostatic 
strength requirements for compressor enclosure, de-
termination of the rated locked rotor current, 
locked rotor tests of motor-protection systems, 
primary single phasing tests of three phase assem-
blies, and dielectric withstand tests. Limited 
short circuit test requirements for motor protec-
tive devices are also included. 
Both for rating and locked-rotor test purposes, the 
Laboratories uses nominal test voltages of 120, 208, 
240, 277, 480 and 600 volts for compressors rated 
110-120, 200-208, 220-240, 254-277, 440-480, and 
550-600 volts, respectively. With regard to mea-
sured locked-rotor current, the motor-compressor 
assembly is not to exceed 110 percent of the cur-
rent rating assigned to the compressor by the manu-
facturer. The current is measured 4 seconds after 
the compressor is energized and the Laboratories 
uses a formula which relates measured currents and 
voltages to the rated values assigned by the manu-
facturer in •Gtermining compliance with this re-
quirement. 
The predominant type of motor protection system 
associated with compressors employs automatic re-
set devices. In order to ~stablish the reliability 
of these components, a locked rotor test is con-
ducted for a period of 15 days but not less than 
2000 cycles. The minimum 2000 cycles of operation 
is particularly aimed at protective systems consist-
ing of a number of components, in particular thermo-
stats mounted on or in proximity to the motor wind-
ings. In such cases, the thermostat generally pro-
vides a rather long "off" time, commonly on the 
order of 20 to 30 minutes. The Standard incorpor-
ates a mechanism by which the locked-rotor test can 
be terminated at the end of 15 days provided the in-
dividual components of the protective system are 
separately investigated for endurance u~ing an arti-
ficial load. The advantage of this is obviously the 
ability to reduce the test period from 2 to 3 months 
which would normally be needed if the entire program 
were conducted using the actual compressor assembly. 
Because of field difficulties encountered in routing 
of motor and protective device wiring, internal to 
the compressor, a vibration test is incorporated in 
the Standard. Essentially, the test is patterned 
after "shipping tests" used by many manufacturers. 
Where proper routing and/or protection of wiring 
cannot be determined by visual examination, the 
motor-compressor is subjected to a vibration test in 
which the sample is mounted on a base which will 
maintain the motor-compressor in its normal upright 
position. The internal wiring and/or its supple-
mentary protection is arranged as permitted by the 
design so that it bears against any surface, edge, 
or part which the wiring is likely to contact and 
may cause abrasion. During this test the electrical 
connections are to remain intact. 
The test apparatus consists of a vibration tabln 
1-1hich provides synchronized motion with a total dis-
placement of 1 inch. This motion is circular in 
the vertical plane with the table level at all 
times. The test sample is positioned on the table 
but not secured in place except that it may be 
loosely restrained to limit the area of travel. The 
speed of the apparatus is adjusted so that the vi-
bration frequency generates a 1/16 inch vertical 
displacement of the motor-compressor from the table. 
During the test the compressor assembly is rotated 
90 degrees from a previous position so that four 
positions of tl1e sample are subjected to vibration, 
each position being for a period of 105 minutes. 
After completion of vibration, dielectric withstand 
tests are conducted at points of possible abrasion. 
For wiring, the conductor and metal foil wrapped 
around the insulation surface are used as the elec-
trodes. For supplementary protection, such as 
sleeving, the electrodes consist Qf a conductor or 
~onductors inserted in the protective means and 
metal foil wrapped around its outer surface. A 
potential of 2500 volts is then applied for 1 min-
ute between the electrodes to determine that the 
Hiring insulation or its supplementary protection 
continue to perform as intended. 
Requiremer,i.s pertaining to compatibility of elec-
trical insulating materials and systems with re-
frigerant-oil atmospheres are also included in the 
Standard. This area, of course, has been the sub-
ject of muc~1 discussion in the Industry and will be 
covered in further detail later in this paper. 
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Manufacturing and Production Tests 
With regard to manufacturing and production tests, 
~eakage pressure tests are required of each motor-
compressor assembly consistent with the intent of 
the ANSI B9.1 Safety Code for Mechanical Refrigera-
tion. Additionally, periodic hydrostatic strength 
tests of the compressor enclosure are conducted. 
The manufacturer is also required to conduct dielec-
tric withstand tests on each assembly, the test 
potential being based on the voltage rating of the 
compressor. Essentially, the test consists of 
applying a potential of 1000 volts to compressors 
rated 250 volts or less, and 1000 volts plus twice 
rated voltage for compressors rated above 250 volts. 
The potential is applied between current-carrying 
parts and dead-metal parts for a period of 1 minute, 
except the time of application may be reduced to 
1 second if the test potential is increased to 120. 
percent of the value mentioned above. 
RECOGNITION OF MOTOR-COMPRESSORS 
Since the Standard is limited in Scope, that is, 
no provisions are made for evaluation under normal 
running conditions, coverage is incomplete to the 
extent that certain constructional features and 
performance capabilities can only be evaluated when 
applied to a complete piece of equipment. In 
effect, we have not attempted to cover motor-com-
pressors for direct separate installation in the 
field but, rather, have limited acceptance of the 
compressor to its installation and use in complete 
equipment submitted to the Laboratories for in-
vestigation. 
Some years ago, the Laboratories established a Com-
ponent Recognition Program intended to cover sim-
ilar situations with other devices and, with pub-
lication of the Standard, motor-compressors will be 
included in this Program. They will appear in our 
Recognized Component Index, which is issued annu-
ally and is primarily for use by equipment manu-
facturers in selecting components to help reduce 
the extent of our investigation of the end-use 
product. 
As an important part of this program, the Labora-
tories has also iniciated a program for recogni-
tion of hermetic motor parts. This provides the 
similar advantage of covering basic construction 
for the motor manufacturer thus relieving the com-
pressor manufacturer of certain but not all respon-
sibilities in this area. 
PRESENT DEVELOPMENTS 
Review of New Requirements 
Reference Has previously made to new requirements 
applicable to motor-compressors as a result of 
publication of the Standard. In this regard, a 
date of August 4, 1972 was established for appli-
cation of these requirements and the Laboratories 
is presently conducting a review program to deter-
mine that all recognized compressors comply with 
the appropriate requirements by that date. The 
term "appropriate requirements" is used purposely 
because of the fact that some degLee of latitude is 
permitted depending on how the compressor is to be 
applied; an example of this would be the more 
stringent corrosion protection requirements for 
compressors intended for equipment installed out-o~ 
doors as opposed to compressors intended solely for 
indoor use. 
American National Standards 
Many of the Standards developed by Underwriters' 
Laboratories, Inc. are submitted to the American 
National Standards Institute for recognition. The 
Standards are processed under the "Canvass Method" 
of the Institute in that they are submitted to a 
list of associations deemed by the Institute to 
have a substantial interest in or to be affected by 
the Standard. Our compressor Standard is no ex-
ception to this since it is now undergoing concur-
rent review by 17 associations included in the can-
vass list as well as by the general public. When 
comments are received, the Laboratories considers 
the merits of suggestions and if it is determined 
that changes are desirable, such changes are sub-
mitted to all who have originally participated in 
development of the Standard. The project was in-
itiated shortly after publication of the Standard 
and, to date, very favorable results have been ob-
tained. It, therefore, appears that this Standard 
will be able to qualify under the ANSI Procedures 
as an American National Standard. 
Compatability of Insulating Materials 
We previously mentioned the subject of compatibiliw 
of electrical insulating materials and systems in 
refrigerant-oil atmospheres. As now written, the 
Standard contains ari extremely simplified method of 
evaluation but at the same time it was recognized 
that a more detailed program should be established. 
With this thought in mind, a Technical Advisory 
Panel was formed to develop a more comprehensive 
program for evaluating new materials and systems 
exposed to the refrigerant and oil atmosphere. 
Basically, the proposed program is patterned after 
the IEEE Publication No. 117 in that motorette/ 
coilette samples are used and are conditioned by 
means of heat exposure and cool-down cycling con-
sistent with the type of ground insulation and with 
temperatures expected to be 5ncountered in service. 
The test temperature is 140 C for stators having 
paper ground insulation, and 155 °C for stators 
having synthetic ground insulation. The samples are 
exposed to the refrigerant-oil mixture for a period 
of 1440 hours, the heat exposure being divided into 
five equal cycles. Following each 12 day heat ex-
posure, the samples are maintained at room ambient 
temperature for a minimum of 2 days during which 
time the samples are partially immersed in the re-
frigerant-oil mixture. After the last heat expos-
ure and cool-down cycle, the samples are subjected 
to a dielectric withstand test. Each test consists 
of applying a potential of 600 volts between wind-
ings and normally grounded metal and betv7een wind-
ings separated by layer (phase) insulation for 10 
minutes. Additionally, a 120-volt potential is 
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applied for 10 minutes between turn-to-turn in-
sulation. Six representative samples are used 
and acceptance of the insulation system is based 
on performance of five o'f these samples. 
The proposal also includes sealed container (tube) 
tests to evaluate compatibility of minor insulation 
parts added to or changed in a particular insula-
tion system. In this regard, major insulation 
parts are considered to be ground insulation and 
enameled magnet wire. All other insulation system 
parts such as tapes, lead wire, splice insulation, 
tie cords, phase barriers, thermal protector cover-
ings, and the like are considered to be minor in-
sulation parts. The minor parts are evaluated much 
in the same manner as motorettes except that 
twisted pairs of magnet wire are used in conjunc-
tion with the new insulating material or materials. 
Again, acceptance is essentially based on dielec-
tric withstand tests conducted in accordance with 
ASTM Procedures depending on the function of the 
particular material. 
It should be recognized that, although these pro-
posals represent a considerable expansion over the 
material now contained in the Standard, the Labora-
tories does not intend to present a program which 
would do away with the development procedures and 
techniques used by individual manufacturers. It 
is expected that each manufacturer, having his own 
specific teclmi.ques, will continue to follow these 
practices in order to obtain the desired level o£ 
confidence in the material or system. On the other 
hand, the Laboratories is interested in using manu-
facturer-generated data and verifying such data by 
means of the test procedures described above. 
CONCLUSION 
The Standard was developed under Underwriters' Lab-
oratories procedures and then submitted to the 
American National Standards Institute for approval 
as a national standard. It is a good illustration 
of a voluntary product safety standard which meets 
the prerequisites for national acceptance, 
To gain national acceptance, a product safety stan-
dard must represent a consensus of all interested 
parties including the manufacturer, the consumer, 
and inspection authority concerned with the safe 
installation and use of the product. It should in-
clude requirements intended to reduce to an accept-
able degree the possibility of fire, shock, or 
casualty hazard. 
These requirements should be based upon sound 
engineering principles, research, records of tests 
and field experience, and an appreciation of the 
problems of manufacturers, installation, and use 
derived. This is achieved through consultation 
with manufacturers, users, inspection authorities, 
and others having specialized experience. Equally 
importan~ they must be subject to revision that 
further experience and investigation may show 
necessary or desirable. 
The safe use of a manufactured product depends 
upon product design, product installation, and 
product use within its design limitations. The 
Standards for safety of Underwriter~' Laboratories, 
Inc. help maintain a proper balance be~ween the ~e­
sponsibilities of the manufacturer, inspection 
authority, and the user in such a way that benefit 
accrues to all concerned, · 
The manufacturer benefits in that his design engi-
neers are given the basic parameters to provide a 
product that will meet or exceed safety requ~re­
ments, but will not stifle the incorporation of new 
ideas into his product and improvements to its over-
all quality and usefulness. While the Standards 
are not intended to serve as quality Standards for 
an Industry, there is difficulty in effecting a 
sharp distinction between the two. UL Standards 
have been referred to as building a floor under the 
quality of a product. 
Since UL product Standards provide the means of 
coordination with nationally recogni~ed safety in-
stallation codes such as the National Electrical 
Code, a listed product receives wide acceptance by 
inspection authorities and users. 
In addition, it provides manufacturers with the 
right to contribute technical know-how and experi-
ence in the establishment of a proper level of 
safety requirements. 
Inspection authorities, who have the responsibility 
of ensuring public safety, are aware of the fact 
that UL product Standards provide the means of co-
ordination with nationally recogni~ed safety in-
stallation codes. They have found through experi-
ence that listed equipment, when properly installed 
and maintained, does provide a satisfactory level 
of safety performance. 
The user benefits in many ways. First, use of a 
listed product ensures that the product incorpor-
ates suitable designs judged necessary to eliminate 
to an acceptable degree fire, shock, and accident 
ha~ard. The design is selected not by a single 
group, but by a consensus of all interested parties 
and includes the know-how of manufacturers, safety 
engineers, inspection authorities, and others con-
cerned with public safety. 
Additionally, the evaluation of the product in-
cludes the necessary tests to determine that the 
product will be safe not only'in normal use, but 
in certain conditions of abnormal operation such 
as locked rotor conditions. · 
In closing, the Laboratories would like to express 
its appreciation to the members of our Industry 
Advisory Conference, our Technical Advisory Panel, 
our Engineering Councils, Industry, and others 
having an interest in this area for their contri-
butions in the development of this Standard. 
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